Abstract Parthenogenetic cells are lost from fetal chimeras. This may be due to decreased proliferative potential. To address this question, we have made use of combined cell lineage and cell proliferation analysis. Thus, the incorporation of bromodeoxyuridine in S-phase was determined for both parthenogenetic and normal cells in several tissues of fetal day 13 and 17 chimeras. A pronounced reduction of bromodesoxyuridine incorporation by parthenogenetic cells at both developmental stages was only observed in cartilage. In brain, skeletal muscle, heart and intestinal epithelium, this reduction was either less pronounced or observed only at one of the developmental stages analysed. No difference between parthenogenetic and normal cells was observed in epidermis and ganglia. Our results show that a loss of proliferative potential of parthenogenetic cells during fetal development contributes to their rapid elimination in some tissues. The analysis of the fate of parthenogenetic cells in skeletal muscle and cartilage development demonstrated different selection mechanisms in these tissues. In skeletal muscle, parthenogenetic cells were largely excluded t Institut ftir Anatomie der Universit~it Freiburg, Albertstrage 17, D-79104 Freiburg, Germany from the myogenic lineage proper by early post-midgestation. In primary hyaline cartilage, parthenogenetic cells persisted into adulthood but were lost from cartilages that undergo ossification during late fetal development.
Introduction
The differential behaviour of maternally and paternally inherited alleles of imprinted genes is the cause of the lethality of parthenogenetic (pg) and androgenetic (ag) genotypes during postimplanation mouse development (reviewed by Solter 1988) . However, both ag and pg embryos can be rescued for a study of their further developmental potential by the formation of chimeras with normal embryos (reviewed in Fundele and Surani 1994) . Most studies were carried out on pg <-> fertilized (wt) chimeras, as pg embryos can be readily obtained by ethanol activation of ovulated oocytes (Kaufman 1978) . These studies of chimeras containing a pg-derived cell lineage have shown that they exhibit highly specific and consistent phenotypes.
The growth of pg <-> wt chimeras is considerably delayed (Fundele and Surani 1994) and the degree of size reduction is positively correlated with the number of pg cells present in the chimera (Fundele et al. 1990 ). Chimeras with a high contribution of pg cells may have only 50% of the body weight of normal litter mates (Fundele et al. 1989 (Fundele et al. , 1990 . However, such chimeras do not survive prenatal or early postnatal development. Chimeras with only a minor pg contribution develop normally, apart from their reduced size, and when composed of two female cell lineages, are able to produce offspring derived from the pg lineage (Stevens 1978; Anderegg and Markert 1986; Nagy etal. 1989; Fundele etal. 1990 ). Studies of pg <-> wt chimeras have further demonstrated that pg cells suffer severe negative selection during fetal development. The temporal onset of selec-tion varies between different tissues and in some tissues selection may not occur at all. There is evidence that pg cells are allocated randomly to the different cell lineages of preimplantation pg <-> wt chimeras (Clarke et al. 1988 ; Thomson and Solter 1989) . In late gastrulation stages, pg cells occur mainly in tissues derived from the inner cell mass and are absent from the trophoblast (Clarke et al. 1988 ; Thomson and Solter 1988) . The loss of pg cells from the trophoblast is the first instance of the selection against them. In later stages of development selection against pg cells becomes apparent in most other tissues and is most pronounced in skeletal muscle, pancreas and liver (Fundele et al. 1990 ). In newborn pg <-> wt chimeras, pg-derived cells are generally no longer observed in these tissues.
In the present study we provide, for the first time, information on the cellular distribution of pg cells in fetal chimeras and the proliferation rates of pg and wt cells in several tissues of these chimeras. In addition, we can show that the mechanisms that are involved in the selection against pg cells differ between tissues.
Materials and methods

Animals
Outbred albino CFLP (originally from Bantin and Kingman stock) and NMRI (from the Zentralinstitut ftir Versnchstierzucht, Hannover) mice, C57BL/6xCBA hybrids (F1), strain 83 and (gF1×cf83)F 2 hybrid mice were used. Strain 83 mice are homozygous for a high copy transgenic insertion of a plasmid containing a mouse fl-globin gene with flanking plasmid pBR322 sequences (Lo 1986 ).
Embryos and chimeras
Superovulation of females, collection, activation and handling of eggs and embryos, and embryo aggregation were all carried out according to standard procedures previously described (Surani et al. 1988) . Pg <-> wt chimeras were prepared by asynchronous aggregations with a pg embryo approximately 16 h more advanced than the fertilized embryo. Aggregated embryos were transferred into the uterine horns of recipient females on day 3 of pseudopregnancy. The day of formation of the vaginal plug of the recipient female was always counted as the first day of gestation. For identification of chimeric fetuses and adults, tissue processing, and analysis of transgenic contribution see J~igerbauer et al. (1992) . For cell proliferation studies, pregnant recipient females were injected intraperitoneally with 50 mg 5-bromo-2'-deoxyuridine (BrdU)/kg bodyweight approximately 1 h before sacrifice (Gratzner 1982) .
Histology, immunohistochemistry (IHC) and in situ hybridization (ISH) Embryos and adult tissues were fixed in Carnoy's solution containing 60% ethanol, 30% trichlormethane and 10% acetic acid, dehydrated and embedded in paraffin. For the detection of ossification a modification of a classic silver staining technique was applied (Kossa 1901) . The following antibodies (ABs) were obtained from Dako Diagnostika, Hamburg: anti-BrdU, anti-fluorescein isothiocyanate (FITC) and alkaline phosphatase (AP), and peroxidase (POD)-conjugated second antibodies directed against mouse and rabbit immunoglobulins (Igs). A polyclonal AB directed against bovine Type II collagen that reacts with the mouse antigen (Sasano et al. 1992 ) was obtained from Biermann Diagnostica, Bad Nauheim and a polyclonal AB raised in rabbit against desmin from Eurodiagnostics. Incubations with primary ABs were always carried out overnight at 4 ° C, secondary AB reactions for 60 rain at room temperature (RT). Dilutions of ABs were in the range suggested by the suppliers.
For detection of Type II collagen, conventional indirect IHC was applied after hyaluronidase treatment of sections (Sasano et al. 1992) . Either FITC, AP or POD-conjugated secondary ABs were used with hexazotized new fuchsin (NF) or 3,3'-diaminobenzidine (DAB) as chromogenic substrates.
For the detection of incorporated BrdU, sections were first treated with 25-50 gg proteinase K/ml 2xSSC, 0.1% Triton X-100 for 15-20 rain at 37°C and refixed in 4% formaldehyde, 2.5% glutaraldehyde in 2xSSC. After protease treatment and fixation, DNA was denatured in 70 mM NaOH for exactly 3 rain. After AB reactions, BrdU-positive nuclei were stained using the AP reaction with NF as chromogenic substrate. Anti-BrdU IHC was always carried out subsequent to in situ hybridization; proteinase K digestion was omitted when it had been carried out prior to hybridization. DNA denaturation was performed both before hybridization and BrdU detection.
ISH directed against the transgenic insert was carried out essentially as described previously (J~igerbauer et al. 1992) , using digoxigenin-labelled pMBGA2 as probe (Lo 1986; Lo et al. 1987) .
For the detection of insulin-like growth factor II IGF2 mRNA, a 680 bp Hinfl-Pstl fragment from human IGF-II cDNA was subcloned into pGEM-3 vector. Transcription with SP6 RNA polymerase from a non linear recombinant plasmid generated the antisense probe; T7 RNA polymerase generated the sense probe. Both probes were labelled with 35S-UTR ISH was carried out as described in Wilkinson and Green (1990) . Briefly, sections were treated with proteinase K (10 ~tg/ml) and hybridized with the probe overnight at 55 ° C. The sections were then subjected to a high stringency wash at 55°C for 30 rain. After dehydration, slides were coated with Ilford K5 emulsion and exposed at 4 ° C for 7 days. Developed slides were stained with haematoxylin and mounted in Kirkpatrick and Lendrum's DPX (Distyrene/Dibutyl phthalate/Xylene) DPX.
Selection of tissues and evaluation of in situ hybridization
Tissues selected for proliferation and/or quantitative analysis were epidermis, brain, dorsal root ganglia, cartilage, cardiac muscle, smooth muscle, mesenchyme and intestinal epithelium. These tissues were chosen in part for their suitability for quantitative evaluation; the nuclear number in dorsal root ganglia, epidermis, cartilage and heart can easily be counted. This may either be due to cell size or, in the case of epidermis, to the regular spatial arrangement of cells. However, brain and gut epithelium were selected for analysis even though they are difficult to count. The areas of any given tissue that were counted were selected randomly.
For the quantitation of pg contribution to pg <-> wt chimeras and pg and wt proliferation rates, at least 2 different areas from each tissue were analysed. For cartilage, between 5 and 24 different areas were analysed due to the small size of the individual cartilages. Pictures of tissues were taken on a Zeiss Axiophot microscope with Ektachrome EHC 100 film. Slides were projected against a screen. Total numbers of nuclei stained with 4,6-diamidino-2-phenylindole DAPI and nuclei labelled by ISH and/or anti-BrdU IHC were counted manually. The statistical significance of the differences between proliferation rates of pg and wt nuclei was calculated using the Cochran-Mantel-Haenszel test (Matthews and Farewell 1988) .
Results
Chimeras
Thirteen fetal chimeras with different genetic backgrounds were analysed in the present study ( a Only the foster mothers containing these fetuses had been inject-b Only smooth muscle and mesenchyme surrounding the intestinal ed with 5-bromo-2'-deoxyuridine (BrdU) before death epithelium were evaluated from pg (Fix83) <-> CFLPxCFLP aggregations; chimezoo ras 13.3, 13.5, 13.6, 17.1 and 17.2 were ofpg (Fix83)<-> NMRIxNMRI genotype; chimeras 13.4 and 17.3 were made by pg 83 <-> NMRIxNMRI aggregations; and chimera 18.1 was ofpg 83 <-> CFLPxCFLP genetic back-is0 ground. In addition, six postnatal chimeras aged between 21 and 101 days were analysed. Adult chimeras were derived from pg (Fix83) <-> NMRIxF 1 (Nos. 1711 and 100 0202), pg (Fix83) <-> CFLPxCFLP (Nos. 215, 216, 217) and pg83
Distribution of pg cells in fetal tissues
The contribution of pg cells to nine tissues of fetal chimeras was analysed quantitatively. These tissues were epidermis, brain, dorsal root ganglia (of ectodermal origin), cartilage (of either ectodermal or paraxial mesoderm origin), skeletal muscle (consisting of two cell lineages of mesodermal origin), heart, the smooth muscle and mesenchymal layers of the gut (all derived from lateral plate mesoderm), and the epithelium of the gut (derived from' the endoderm). The results of the analysis are summarized in Table 1 and Fig. 1 .
As expected from the randomness inherent in chimera formation, the mean pg contribution to the different chimeras varied. In most tissues of the chimeras analysed, however, pg-derived cells formed only a minor proportion of the total cell population. The distribution of pg cells to the different tissues was similar between chimeras. In the tissues of ectodermal origin, comparatively high levels of pg cells were regularly observed at all developmental stages, indicating that a significant loss of pg cells from these tissues during fetal development does not occur. In the other tissues, pg contribution tended to decrease with the advancing gestational age of chimeras.
In skeletal muscle, heart, cartilage, smooth muscle and intestinal epithelium of early post-midgestation chimeras, pg contribution reached levels close to the ones observed in the brain. However, with increasing age, the levels of pg contribution in these tissues compared with the brain dropped considerably (Fig. 1) . When the contribution of pg cells to different areas of cartilage was analysed, no striking differences were observed between mesoderm-derived cartilage of trunk and limbs and the ectoderm-derived cranial cartilage. For instance, in chimera 17.1, 218 pg nuclei were counted in a total of 3392 nuclei (6.4%) in 10 different areas of neural crest-derived cartilage, e.g. the nasal bone (including the anterior part of the septum; see below) and the lower jaw. For comparison, in 13 different areas of sclerotome or lateral plate-derived cartilage, including ribs, vertebrae and limbs, 402 out of 4803 nuclei (8.3%) carried the transgene. Six pg <-> wt chimeras (13.3, 13.4, 13.5, 13.6, 17.1, 17 .2) were removed from foster mothers that had been injected with BrdU prior to death. In seven tissues, the incorporation of BrdU into both normal and pg-derived nuclei was determined (Fig. 2L) . The results of this analysis are summarized in Table 2 .Three tissues of mainly ectodermal origin were evaluated, epidermis, brain and dorsal root ganglia. In these tissues, no consistent reduction in BrdU incorporation into pg nuclei, when compared with normal nuclei, was observed. Epidermis could not be analysed on day 13 of gestation, but in the two day-17 chimeras BrdU incorporation of pg and wt cells was not significantly different. Similar results were observed for dorsal root ganglia on both days 13 and 17 and for day-17 brain. In the brain of the day-13 chimeras, however, the measured differences in BrdU incorporation between pg and wt nuclei were found to be significant. The cartilage of the head is largely derived from the neural crest and thus is of ectodermal origin (Morriss and Thorogood 1978) . The cartilage of the trunk is a derivative of the somitic sclerotome and thus is of paraxial mesodermal origin, whereas the limb cartilage is derived from the lateral plate mesoderm (Christ 1969) . When these complications were neglected and all data were pooled, pg-derived cartilage cells showed decreased BrdU incorporation when compared with normal cells at both developmental stages.
In skeletal muscle of three day-13 chimeras, no striking difference between pg and wt proliferation was observed, although some variation in overall proliferation was found to exist between these chimeras. The exception was chimera 13.5 which exhibited a very low proportion of proliferating pg cells. At the same time, the proportion of proliferating wt cells was much higher than that observed in the other chimeras. The differences between pg and wt proliferation were not statistically significant either when 13.5 was included or excluded from the calculation. Positive cells were also observed in the endodermal epithelium (epi) of the trachea (arJvwhead; bar 12.5 gin; DNA ISH and DAPI nuclear stain). F Skeletal muscle of chimera 13.1 after DNA ISH, anti-desmin immunohistochemistry (IHC) and 4,6-diamidino-2-phenylindole DAPI nuclear staining is shown. While hybridization signals showing the presence of pg cells can be detected, no cells labelled by both DNA ISH and IHC are observed. This indicates that the pg cells present in this muscle blastema would have developed into intramuscular connective tissue, as myoblasts and myofibres express desmin at this stage (bar 25 gm). G Desmin-positive muscle fibres of late gestation chimera 18.1 are shown. Five nuclei carrying a hybridization signal are visible in the muscle region, but the cytoplasm surrounding these nuclei is negative for desmin. This proves that these nuclei do not belong to the myogenic lineage (bar 25 gin; AP activity developed with new fuchsin -NF-as substrate, hence DNA ISH signals are red). H A nucleus labelled by DNA ISH (arrow) and situated inside a myotube can be detected in a muscle of chimera 18.1. This shows that pg cells are able to fuse with normal myoblasts to give rise to myotubes (bar 5 I.tm; DNA ISH using alkaline phosphatase-NF and anti-desmin IHC using peroxidase-diaminobenzidine). I, J~gerbauer et al. (1992) b Values show numbers of gastric glands that were counted; gastric glands are of monoclonal origin and are ultimately derived from a single progenitor cell
In the intestinal epithelium of three day-13 chimeras, no consistent difference between pg and wt proliferation was found. In both day-17 chimeras, however, pg cells incorporated significantly less BrdU than the neighbouring wt cells.
Pg cells in cartilage differentiation
In the analysis of pg contribution and proliferation in the cranial skeleton, a highly reproducible pattern of distribution of pg cells in the nasal bone emerged. It was found that in all pg <-> wt chimeras from day 13 onwards, pg cells tended to be present in much higher numbers in the anterior part of the nasal septum than in the posterior part. As the anterior part of the nasal bone remains a hyaline cartilage throughout the life of the mouse (Scott 1953) , whereas ossification occurs in the posterior part during late fetal development ( Fig. 2A, B, C) , a causal relationship to the gradient of pg cell distribution was assumed. Also, random distribution of strain 83-derived normal and androgenetic cells was consistently observed in wt 83 <-> wt, wt 83 -> wt and ag -> wt chimeras (not shown), indicating that this phenotype is specific for pg <-> wt chimeras. However, the non-random distribution of pg cells was visible well before the differentiation of the posterior cartilage was visible by morphological criteria. Accordingly, three different markers for cartilage differentiation were used, alcian blue staining, immunocytochemistry against type II collagen and mRNA ISH for IGF2. In the chimeras analysed, no expression gradient correlating with pg cell distribution was observed. In addition, no difference in collagen type II expression or alcian blue staining between pg and wt cells was obvious (not shown). IGF2, a growth factor that is encoded by a gene subject to genomic imprinting and expressed from the paternally derived allele only (DeChiara et al. 1991) , exhibited no expression gradient between the rostral and caudal part of the nasal septum in a wt <-> wt chimera (not shown). Contribution of pg cells to the primary hyaline cartilage was observed in the nasal septum of 1903 (aged 81 days at death; Fig. 2D ) and the tracheae of 1711, 0202 and 1903 (Fig. 2E ).
Pg cells in skeletal muscle differentiation
To analyse in more detail the cellular composition of fetal skeletal muscle and the allocation of pg cells to different lineages, sections of day 13 pg <-> wt chimeras were first subjected to IHC against desmin followed by ISH analysis. In muscle blastemas of two day-13 chimeras analysed (13.1 and 13.2, Table 1 ), desmin-positive structures corresponding to postmitotic myoblasts and early myotubes could easily be identified (Fig. 2F ). An analysis of several muscle blastemas from both chimeras showed that desmin-positivity and presence of a hybridization signal coincided only rarely, e.g. most pg nuclei present in day-13 muscle were not associated with differentiated myoblasts or myotubes. In the muscle blastema shown in Fig. 1F no nucleus associated with a desminpositive structure exhibited a hybridization signal. A combined IHC and ISH analysis of two different skeletal muscle areas of the day-18 pg <-> wt chimera provided similar results. Here, only 1 out of 32 (3.1%) and 7 out of 62 (11.3%) nuclei which showed a hybridization signal were situated inside myotubes (Fig. 2G, H ) and could thus be allocated to the myogenic lineage. The non-myogenic pg cells present in skeletal muscle of this chimera were found to belong to different cellular lineages, e.g. connective tissue and Schwann cells could be positively identified. Similar results were found in the other fetal pg <-> wt chimeras. In skeletal muscle of five adult chimeras that were analysed (Table 3) , the majority of pg nuclei were found to belong to cells that could be unambiguously allocated to the intramuscular connective tissue and to small blood vessels (Fig. 2I, J, K) . No nucleus could be allocated with any certainty to the muscle lineage proper.
Discussions
Previous studies have shown that chimeras carrying a pgderived cell lineage are viable (Fundele and Surani 1994) and that in such chimeras pg-derived cells may persist in numerous different tissues (Fundele et al. 1989 (Fundele et al. , 1990 Nagy et al. 1989) . However, the contribution of pg cells to most tissues is usually very low, although in gastrulation stage chimeras pg cells may be present in large numbers (Clarke et al. 1988; Thomson and Solter 1988) . It has also been shown that selection against pg cells is strongly tissue specific (Fundele et al. 1989 (Fundele et al. , 1990 Nagy et al. 1989) . In general, in analysed tissues of ectodermal origin, e.g. brain and epidermis, pg-derived cells survive well into postnatal life. In other tissues, e.g. skeletal muscle, liver and pancreas, pg cells are subject to a stringent selection. It was therefore suggested that, in some tissues, pg cells may undergo a slowing down or even a cessation of cell proliferation after post-midgestation development (Surani et al. 1990a, b; Fundele et al. 1990 ). To test this hypothesis, we have analysed the distribution and proliferation of pg-derived cells in fetal aggregation chimeras using in situ detectable cell lineage (Lo 1986; Lo et al. 1987 ) and cell proliferation markers (Gratzner 1982) . The feasibility of this approach has been demonstrated previously (J~igerbauer et al. 1992) .
No systematic analysis of wt <-> wt control chimeras was performed for the present study. However, we and others (Nagy et al. 1989) have shown that the selective loss of pg cells is exclusive to the pg genotype. For wt83 <-> wt CFLP, wt (83xF1) <-> wt CFLP chimeras (analysed by ISH; J~gerbauer et al. 1992; Fundele, unpublished) and wt FlXF ~ <-> CFLP chimeras (analysed by GPI-1 electrophoresis; Fundele et al. 1989 Fundele et al. , 1990 ) no indication of specific selection or allocation was ever observed at any developmental stage. The different strain combinations used in the present study for the production of the pg <-> wt chimeras minimize the unlikely possibility that specific phenotypes are caused by strain background. In any case, a previous study has shown that the use of different mouse strains in the production of pg <-> wt or pg -> wt chimeras does not significantly change the fate of the pg cells (Fundele et al. 1991) .
The results of quantitative analysis using the 83 transgene marker are in good agreement with previously published results obtained using the GPI-1 allozyme marker (Fundele et al. 1989 (Fundele et al. , 1990 (Fundele et al. , 1991 Nagy et al. 1989) . Specifically, the best survival of pg cells during prenatal development was observed in the tissues of ectodermal origin, e.g. brain, dorsal root ganglia and epidermis. On the other hand, loss of pg cells from skeletal muscle was slower and less drastic than observed in a previous study (Fundele et al. 1990 ). At present we cannot explain this difference. It is, however, possible that different strain combinations may influence the behaviour of pg cells to some excent, as shown before (Fundele et al. 1991) . In any case, the almost complete absence of pg-derived nuclei from adult skeletal muscle fibres was observed in all studies performed (Fundele etal. 1989 (Fundele etal. , 1990 (Fundele etal. , 1991 Nagy et al. 1989) , including this one.
As expected from the good survival of pg cells in all tissues of ectodermal origin (except cranial cartilage), the proliferation of pg cells, as assessed by incorporation and immunohistochemical detection of BrdU, appears to be normal. A significantly decreased proliferation was found only in the brains of the day-13 chimeras. As BrdU labelling of pg cells was normal when compared with wt cells on day 17 of gestation, we assume that the day 13 finding does not reflect a real transient loss of pg neuroblast proliferation in early post-midgestation development.
When pg and wt proliferation in the intestinal epithelium were compared, a significant decrease with advancing gestational age was observed. This decrease was associated with a highly significant drop in BrdU incorporation of pg cells between day 13 and 17 of gestation. The results of the proliferation analysisin pg <-> wt chimeras seem to contradict previous findings that pg-derived stem cells are able to support normal gut morphogenesis during early postnatal life (JSgerbauer et al. 1992) . It is, however, possible that this apparent discrepancy may be explained by the profound morphological changes that take place in the gut during perinatal development (Mathan et al. 1976) . Among these changes are the transition from a stratified to a single-layer epithelium, the formation of folds and villi in the small intestine, the development of the crypts, and the spatial restriction of proliferating stem cells to the crypts (Mathan et al. 1976) . It is feasible that pg cells that survive prenatal selection are no longer handicapped and can participate in the establishment of the adult pattern. However, there are indications that at least in some parts of the gut, pg cells are not able to sustain the normal cell proliferation and migration pattern (J~igerbauer et al. 1992) .
The most impressive differences between pg and wt proliferation were observed in cartilage and skeletal muscle of the day 17 chimeras. Considering the well established fact that very few pg cells persist in adult skeletal muscle, the latter finding seems plausible. While the loss of pg cells from the skeletal muscle of chimeras seems to follow the pattern observed in other tissues, it is important to note that skeletal muscle is a composite tissue. In fact, the majority of nuclei present in an adult skeletal muscle do not belong to the myogenic lineage proper and a careful analysis of serial sections has shown that non-muscle cells may contribute up to 80% of the nuclei (Christ, unpublished) . In addition, we have observed that by day 13 of gestation the majority of pg cells present in muscle blastemas do not belong to the myogenic lineage. Together, these observations indicate that the proliferating pg cells seen in skeletal muscle of day-17 chimeras were mesenchymal and that loss of proliferative potential causes the demise of pg cells mostly from the intramuscular connective tissue. As we have shown in a previous study that pg cells contribute normally to the myotome of day-11 fetal chimeras , it seems likely that the main loss of pg-derived cells from the myogenic lineage occurs between days 11 and 13.
While a striking loss of proliferative potential was observed in fetal cartilage, pg cells were found to persist in the primary hyaline cartilage of adult chimeras. This apparent discrepancy is probably explained by the different behaviour of pg cells in anterior and posterior parts of the nasal septum. Here, pg cells survive in the rostral part that will remain a primary hyaline cartilage but not in the caudal part that will develop into bone. This suggests that factors involved specifically in ossification might be aberrantly expressed in pg cells.
In summary, our results show that loss of proliferative capacity is at least one cause for the loss of pg cells from those tissues where selection takes place. In this, pg cells show a strikingly different behaviour from ag cells which exhibit increased proliferation in ag -> wt chimeras (Fundele, Li, Barton, Christ, Krause and Surani, unpublished) . The mechanisms causing the decreased proliferation of pg cells are at present unknown. It is suggestive that in most of the tissues where pg cells do not persist, e.g. cartilage, skeletal muscle and liver (Fundele et al. 1989 (Fundele et al. , 1990 Nagy et al. t989) , Igf2 is expressed at high levels. As only the paternally derived Igf2 allele is active during normal development (DeChiara et al. 1991) , it can be assumed that pg cells do not possess IGF2. In addition, pg cells probably overexpress Igf2r which maps to chromosome 17 and is expressed only from the maternal allele (Barlow et al. 1991) . As absence of IGF2 alone does not cause a pronounced selective disadvantage in chimeras (Ferguson-Smith et al. 1991) , it can be surmised that lack of Igf2 expression and overexpression of Igf2r combined are among the causes for the selective disadvantage of pg cell in some tissues. However, other known and unknown imprinted genes certainly play important roles in defining the developmental capacities of pg and ag cells.
